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(57)  If there is a possibility of a coolant of a cooler
being frozen, switching elements are made to generate
heat by feeding a current through the switching elements.
Two kinds of sensors for measuring a temperature on
the side of a heat receiving portion and the side of a heat
radiating portion are installed for the cooler. The thermal
resistance of the whole of the cooler is calculated from
an amount of heat generated by the current of the switch-

FIG. 1

ing elements, the temperature on the side of the heat
receiving portion, the temperature on the side of the heat
radiating portion. If the value of the thermal resistance is
equal to or higher than a certain value, it is determined
that the coolant is frozen. When it is determined that the
coolant is frozen, the thermal resistance of the cooler is
calculated, and warm-up operation is started.

g:?ffj.x

-

!
5

5 Pl v 1 1
{
-
o

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 756 979 A2 2

Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to a drive device
for arailway vehicle, and particularly to a cooler of a drive
device for cold regions.

2. Description of the Related Art

[0002] In general, a drive device for a railway vehicle
converts electric power supplied from a power supply
using semiconductor elements for electric power which
semiconductor elements perform switching operation
(which semiconductor elements will hereinafter be re-
ferred to as "switching elements") such as IGBTs (Insu-
lated Gate Bipolar Transistors) or the like, and supplies
the converted electric power to devices such as a motor
or lighting in the train. The switching elements generate
heat due to a loss caused by internal resistance or the
like during electric power conversion, and may therefore
lose functions of the switching elements at a certain tem-
perature or higher. Thus, the switching elements need
to be prevented from rising in temperature by a cooler.
[0003] The cooler generally includes a heat receiving
portion, a heat radiating portion, and a heat transport
portion connecting the heat receiving portion to the heat
radiating portion. The heat transport portion typically us-
es water as a coolant and is classified into a few types.
For example, there is so-called water circulation cooling
(water cooling) in which water filling a heat transport tube
is circulated between the heat receiving portion and the
heat radiating portion using a pump, and heat absorbed
by the heat receiving portion is released by the heat ra-
diating portion. There is also a heat pipe system in which
water is moved between the heat receiving portion and
the heat radiating portion by using phase changes of the
water without using a pump.

[0004] In the heat pipe system, the water vaporizes
when absorbing the heat of the elements in the heat re-
ceiving portion, and moves as water vapor to the heat
radiating portion. The water vapor is cooled into water in
the heat radiating portion, and returns as water to the
heat receiving portion. The heat pipe system does not
need a pump for the circulation of water. Thus, the heat
pipe system enables devices to be configured simply and
is widely used mainly in railway vehicles for conventional
railway lines.

[0005] In a heat pipe type cooler, water is frozen when
outside air temperature in a cold region or the like is equal
to or lower than the melting point of water (0°C or lower).
Inthis case, heattransport based on the above-described
principles cannot be performed, so that the temperature
of switching elements rises.

[0006] To deal with such a problem in the heat pipe
type cooler, JP-2008-211956-A discloses a method in
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which the temperature of a cooler is measured, and a
warm-up operation mode that makes the current of
switching elements smaller than during normal operation
when the temperature is equal to or lower than 0°C is
incorporated to control a loss caused in the switching
elements.

SUMMARY OF THE INVENTION

[0007] However, the method disclosed in JP-
2008-211956-A has problems as follows.

[0008] In JP-2008-211956-A, the temperature of the
cooler is measured at one point to determine whether
the coolant is frozen. Thus, the state of the coolant may
not be determined accurately. For example, in a case
where the temperature of a heat receiving portion is
measured, a frozen state of the coolant may not be de-
tected even when the coolant is frozen with the temper-
ature of a heat radiating portion lower than the temper-
ature of the heat receiving portion. In addition, in a case
where the temperature is measured at the heat radiating
portion, because the heat radiating portion is in direct
contact with outside air, when the outside air temperature
falls below the freezing point, the detected temperature
is below the freezing point even if the water is hardly
frozen. Thus, it may be determined erroneously that the
water is frozen, and electric current may be limited.
[0009] Forthe above reasons, a method for accurately
detecting the frozen state of the coolant is necessary.
[0010] The present invention has been made in view
of the problems of the conventional technology described
above. The present invention proposes a method for ac-
curately detecting a frozen state of a coolant to control a
drive device in an environment such as a cold region or
the like in which the coolant of a cooler may be frozen.
[0011] According to the presentinvention, there is pro-
vided a drive device for a railway vehicle, the drive device
comprising:

a first electric power converting device formed by a
switching element to convert DC electric power into
AC electric power and supply the AC electric power
to a load;

a control device for controlling the first electric power
converting device; and

a first cooler using a liquid as a coolant for cooling
the first electric power converting device;

wherein the first cooler includes

a heat receiving portion in contact with the
switching element, the heatreceiving portion ab-
sorbing heat of the switching element,

a heat receiving portion temperature sensor for
measuring a temperature of the heat receiving
portion,

a heat radiating portion for radiating the heat ab-
sorbed from the switching element, and

a heat radiating portion temperature sensor for
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measuring a temperature of the heat radiating
portion, and

the control device includes an arithmetic section for
determining whether the coolant is frozen on a basis
of respective measured values of the heat receiving
portion temperature sensor and the heat radiating
portion temperature sensor, the measured values
being detected by feeding a predetermined current
through the switching element, when at least one of
the respective measured values of the heat receiving
portion temperature sensor and the heat radiating
portion temperature sensor becomes equal to or low-
er than a melting point of the coolant.

[0012] According to one embodiment of the present
invention, there is provided a drive device for a DC ve-
hicle, the drive device including: an electric power con-
verting device including a plurality of switching elements
controlled to be turned on and off, the electric power con-
verting device converting DC electric power supplied
from a DC overhead wire into three-phase AC electric
power; a three-phase load supplied with the three-phase
AC electric power output from the electric power convert-
ing device, a control device for controlling the electric
power converting device, and a cooler using a liquid as
a coolant and cooling the switching elements; a heat re-
ceiving portion of the cooler, the heat receiving portion
being in contact with the switching elements to absorb
heat of the switching elements, and a heat receiving por-
tion temperature sensor for measuring a temperature of
the heat receiving portion; and a heat radiating portion
of the cooler, the heat radiating portion radiating the heat
absorbed from the switching elements, and a heat radi-
ating portion temperature sensor for measuring a tem-
perature of the heat radiating portion. The control device
has afunction of feeding a predetermined currentthrough
the switching elements when determining that there is a
possibility of the coolant of the cooler being frozen, cal-
culating a thermal resistance of the cooler using values
of the heat receiving portion temperature sensor and the
heatradiating portion temperature sensor, and determin-
ing that the coolant of the cooler is frozen when a mag-
nitude of the thermal resistance is larger than a prede-
termined value.

[0013] According to the present invention, in a cooler
using a liquid as a coolant, a frozen state of the cooler
can be detected accurately at the time of a low temper-
ature and thus appropriate warm-up operation can be
performed. Therefore, a rise in temperature of elements
can be prevented correctly, so that the reliability of the
device can be improved. In addition, the efficiency of the
device is improved because excessive warm-up opera-
tion is not necessary.

[0014] To the extent that they are compatible, the fol-
lowing optional features of the invention are applicable
singly or in any combination.

[0015] The temperature of the heat receiving portion
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may be a temperature of the switching element or a tem-
perature of a base of the first cooler, the base of the first
cooler constituting a base material of the heat receiving
portion, and the temperature of the heat radiating portion
may be a temperature of a fin of the first cooler, a tem-
perature of an end portion of a heat pipe used in the first
cooler, or an outside air temperature.

[0016] The arithmetic section may determine whether
the coolant is frozen from a magnitude of a thermal re-
sistance value of the first cooler, the magnitude of the
thermal resistance value of the first cooler being calcu-
lated using the detected respective measured values of
the heat receiving portion temperature sensor and the
heatradiating portion temperature sensor and an amount
of heat generated by the switching element or an ener-
gizing current value corresponding to the amount of heat
generated by the switching element.

[0017] The arithmetic section may calculate a maxi-
mum value of energizing current that can be fed through
the switching element from the thermal resistance value
when the arithmetic section determines that the coolant
is frozen.

[0018] In acase where the first electric power convert-
ing device is stopped when the determination is made,
the control device may perform a warm-up operation that
makes the switching element generate heat to melt the
frozen coolant, by controlling the energizing current of
the switching element so as not to exceed the maximum
value.

[0019] In acase where the first electric power convert-
ing device is not stopped when the determination is
made, the control device may perform a warm-up oper-
ation that limits the energizing current of the switching
element to the maximum value or smaller.

[0020] When the load is an AC motor, the control de-
vice may control the energizing current of the switching
element such that torque produced by the AC motor does
not accelerate or decelerate the vehicle.

[0021] When the load is an AC motor and an air brake
of the vehicle is operating, the control device may control
the energizing current of the switching element such that
torque produced by the AC motor is lower than torque of
the air brake.

[0022] The arithmetic section may calculate the ther-
mal resistance value of the first cooler during the warm-
up operation, and may end the warm-up operation by
determining that the coolant is melted when a difference
between the calculated thermal resistance value and a
thermal resistance value when the coolantis melted com-
pletely becomes equal to or smaller than a predetermined
value.

[0023] The arithmetic section may calculate the tem-
perature of the heat receiving portion during the warm-
up operation from the amount of heat generated by the
switching element during the warm-up operation, the
thermal resistance value of the first cooler when the arith-
metic section determines that the coolant is frozen, and
the measured value of the heat radiating portion temper-
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ature sensor, and may end the warm-up operation by
determining that the coolant is melted when a difference
between the calculated temperature of the heat receiving
portion and the measured value of the heat receiving
portion temperature sensor becomes equal to or larger
than a predetermined value.

[0024] The arithmetic section may calculate an amount
of heat necessary to melt the coolant and calculates the
amount of heat generated by the switching element from
the energizing current of the switching element during
the warm-up operation, and may end the warm-up oper-
ation by determining that the coolant is melted when the
amount of heat generated by the switching element ex-
ceeds the amount of heat necessary to melt the coolant.
[0025] The railway vehicle may further comprise: a
second electric power converting device formed by a
switching element to convert AC electric power supplied
from an AC overhead wire into DC electric power and
supply the DC electric power to the first electric power
converting device; and a second cooler using a liquid as
a coolantfor cooling the second electric power converting
device. The second cooler includes: a heatreceiving por-
tion in contact with the switching element, the heat re-
ceiving portion absorbing heat of the switching element,
a heat receiving portion temperature sensor for measur-
ing a temperature of the heat receiving portion, a heat
radiating portion for radiating the heat absorbed from the
switching element, and a heat radiating portion temper-
ature sensor for measuring a temperature of the heat
radiating portion. The control device controls the first
electric power converting device and the second electric
power converting device, and the control device includes
an arithmetic section. When at least one of the following
states occurs, the states being a state of at least one of
the respective measured values of the heatreceiving por-
tion temperature sensor and the heat radiating portion
temperature sensor of the first cooler becoming equal to
or lower than a melting point of the coolant of the first
cooler, and a state of at least one of the respective meas-
ured values of the heat receiving portion temperature
sensor and the heat radiating portion temperature sensor
of the second cooler becoming equal to or lower than the
melting point of the coolant of the second cooler, the arith-
metic section determines whether the coolant of the first
coolerisfrozen on a basis of respective measured values
of the heat receiving portion temperature sensor and the
heatradiating portion temperature sensor of the first cool-
er and whether the coolant of the second cooler is frozen
on a basis of respective measured values of the heat
receiving portion temperature sensor and the heat radi-
ating portion temperature sensor of the second cooler,
the measured values being detected by feeding a pre-
determined current through the respective switching el-
ements of the first electric power converting device and
the second electric power converting device. The tem-
perature of the heat receiving portion of the second cooler
may be a temperature of the switching element or a tem-
perature of a base of the second cooler, the base of the
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second cooler constituting a base material of the heat
receiving portion, and the temperature of the heat radi-
ating portion of the second cooler may be a temperature
of a fin of the second cooler, a temperature of an end
portion of a heat pipe used in the second cooler, or an
outside air temperature.

[0026] When the drive device comprises the second
electric power converting device and the second cooler,
the arithmetic section may make at least one of a deter-
mination of whether the coolant of the first cooler is frozen
from a magnitude of a thermal resistance of the first cool-
er, the magnitude of the thermal resistance of the first
cooler being calculated using the respective measured
values of the heat receiving portion temperature sensor
and the heat radiating portion temperature sensor of the
first cooler and an amount of heat generated by the
switching element of the first electric power converting
device or an energizing current value corresponding to
the amount of heat generated by the switching element
of the first electric power converting device, and a deter-
mination of whether the coolant of the second cooler is
frozen from a magnitude of a thermal resistance of the
second cooler, the magnitude of the thermal resistance
of the second cooler being calculated using the respec-
tive measured values of the heat receiving portion tem-
perature sensor and the heat radiating portion tempera-
ture sensor of the second cooler and an amount of heat
generated by the switching element of the second electric
power converting device or an energizing current value
corresponding to the amount of heat generated by the
switching element of the second electric power convert-
ing device.

[0027] When the drive device comprises the second
electric power converting device and the second cooler,
optional features of the control device relating to the first
electric power converting device and the first cooler can
be applied also to the control device in respect of the
second electric power converting device and the second
cooler.

[0028] A fan or a blower for supplying air to: the heat
radiating portions of the first cooler may be provided, or
at least one of the respective heat radiating portions of
the first cooler and the second cooler may be provided,
and when the control device, upon determining that: the
coolant of the first cooler is frozen, or at least one of the
respective coolants of the first cooler and the second
cooler is frozen, performs a warm-up operation, the con-
trol device may stop the fan or the blower entirely.
[0029] The control device may be provided to the ve-
hicle having a ventilation duct for supplying a traveling
wind to: the heat radiating portions of the first cooler, or
at least one of the respective heat radiating portions of
the first cooler and the second cooler, and when the con-
trol device, upon determining that: the coolant of the first
cooler is frozen, or at least one of the respective coolants
of the first cooler and the second cooler is frozen, per-
forms a warm-up operation, the control device may close
the ventilation duct.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0030] Other objects, advantages and optional fea-
tures of the invention will become apparent from the fol-
lowing description of embodiments with reference to the
accompanying drawings in which:

FIG. 1 is a diagram showing a system configuration
in Embodiment 1;

FIG. 2 is a flowchart of operation in Embodiment 1;
FIG. 3 is a diagram showing temporal changes in
thermal resistance used to determine that a coolant
is melted in Embodiments 1 and 2;

FIG. 4 is a diagram showing temporal changes in
the measured value of a temperature sensor used
to determine that the coolant is melted in Embodi-
ments 1 and 2;

FIG. 5 is a diagram showing a system configuration
in Embodiment 2;

FIG. 6 is a diagram showing a system configuration
in Embodiment 3; and

FIG. 7 is a diagram showing a system configuration
in Embodiment 4.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0031] Embodiments 1 to 4 for practicing the present
invention will be described hereinafter.

[Embodiment 1]

[0032] FIG. 1 shows a first embodiment (Embodiment
1) of a drive device for a railway vehicle according to the
present invention.

[0033] An electric power converting device 1is fed with
DC electric power from a DC overhead wire 2 via a filter
circuit 3, and converts the DC electric power into three-
phase AC electric power to drive a three-phase AC motor
4. In addition, the electric power converting device 1 in-
cludes switching elements 5 to 10 such as IGBTs, GTO
thyristors, MOSFETSs, or the like. Each of the switching
elements is individually controlled to be turned on and
off by a signal Pi output from a control device 11.
[0034] A cooler 12 uses a liquid such as water or the
like as a coolant. The cooler 12 cools the switching ele-
ments 5 to 10. A first temperature sensor 13 measures
the temperature of the switching elements 5 to 10. The
first temperature sensor 13 outputs switching element
first temperature information Ts. A second temperature
sensor 14 measures a temperature on the side of a heat
radiating portion of the cooler, for example, the temper-
ature of an end portion of a heat pipe or a fin. The second
temperature sensor 14 outputs second temperature in-
formation Te. The temperature information Ts and Te is
input to the control device 11.

[0035] The temperature measured by the first sensor
13 does not need to be the temperature of the switching
elements 5 to 10 as long as the temperature measured
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by the first sensor 13 is the temperature on the side of a
heat receiving portion of the cooler. The temperature
measured by the first sensor 13 may be the temperature
of the base of the cooler which base constitutes the base
material of the heat receiving portion, for example. In
addition, a sensor for measuring an outside air temper-
ature for the management of an air conditioner may be
substituted for the second temperature sensor 14. In this
case, the temperature information Te is the outside air
temperature. Further, a plurality of first temperature sen-
sors and a plurality of second temperature sensors may
be provided.

[0036] An actual operation will next be described.
[0037] FIG. 2 is a flowchart of a flow of operation ac-
cording to the present invention.

[0038] First, the control device 11 monitors the first
temperature information Ts and the second temperature
information Te (S1). When at least one of the first tem-
perature information Ts and the second temperature in-
formation Te is equal to or lower than the melting point
of the coolant used in the cooler 12, for example equal
to or lower than 0°C in the case where water is used as
the coolant (No in S2), the control device 11 determines
thatthereis a possibility of the coolant being frozen. How-
ever, when the electric power converting device 1 is al-
ready operating at a point in time that the control device
11 determines that there is a possibility of the coolant
being frozen (No in S3), the coolant may be melted due
to heat generated by the operation, and therefore the
normal operation is performed first.

[0039] Atthistime, when the coolantis frozen, the per-
formance of the cooler is decreased, and thus the first
temperature information Ts rises to a temperature higher
than when the coolant is melted. Accordingly, a determi-
nation temperature for determining whether the coolant
is frozen is provided. When the first temperature infor-
mation Ts is equal to or lower than the determination
temperature (No in S4), the electric power converting de-
vice 1 is made to continue the normal operation (S5).
When the first temperature information Ts exceeds the
predetermined determination temperature, on the other
hand, it is determined that the coolant is frozen (Yes in
S4). This determination temperature is preferably a max-
imum temperature that can be indicated by the first tem-
perature sensor 13 when the electric power converting
device 1 operates at a maximum output level in a state
of the second temperature information Te being equal to
or lower than the melting point of the coolant.

[0040] When there is a possibility of the coolant being
frozen, the control device 11 feeds a predetermined cur-
rent through the switching elements 5 to 10 (S6), and
obtains the thermal resistance Rth1 of the cooler from
an amount of heat generated by the switching elements
5to 10, the second temperature information Te, and the
first temperature information Ts (S7). Here, a relation be-
tween the energizing current of the switching elements
5 to 10 and the amount of heat can be obtained in ad-
vance from the specifications of the switching elements,
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forexample. The amount of heat generated by the switch-
ing elements can therefore be obtained from the ener-
gizing current.

[0041] The thermal resistance Rth1 is high when the
coolantis frozen. Thus, when the thermal resistance Rth1
is higher than a predetermined value, the control device
11 determines that the coolant of the cooler 12 is frozen
(Yes in S8). At this time, the control device 11 may de-
termine that the coolant is frozen when a difference be-
tween the second temperature information Te and the
first temperature information Ts is equal to or larger than
a predetermined value, instead of calculating the thermal
resistance Rth1.

[0042] As another method for determining that the
coolant is frozen, the first temperature information Ts
may be calculated from a thermal resistance Rth0 when
the coolant of the cooler is melted completely, the ener-
gizing current value of the switching elements 5 to 10 at
that time, and the second temperature information Te,
and it may be determined that the coolant is frozen when
a difference between the calculation result and an actual
measurement result is equal to or larger than a prede-
termined value (Yes in S8). In this case, after it is deter-
mined that the coolant is frozen, the thermal resistance
Rth1 of the cooler is obtained from the energizing current
value of the switching elements 5 to 10, the second tem-
perature information Te, and the first temperature infor-
mation Ts.

[0043] When determining that the coolant is frozen
(Yesin S8), the control device 11 determines a maximum
current value Imax that can be fed through the switching
elements from the thermal resistance Rth1 (S9).

[0044] When the electric power converting device 1 is
stopped while the vehicle is stopped at a station or the
like or while the vehicle is traveling but performing coast-
ing operation (Yesin S10), the control device 11 performs
a warm-up operation in which the control signal Pi is out-
putso as to energize the switching elements and the heat
generation of the switching elements is used to melt the
frozen coolant (S11). At this time, the control device 11
controls the energizing current of the switching elements
510 10 to be equal to or smaller than the maximum current
value Imax.

[0045] The control device 11 also controls the energiz-
ing current of the switching elements 5 to 10 so as to
prevent the vehicle from being accelerated or decelerat-
ed even when a current flows through the motor 4. For
example, in a case where the three-phase AC motor 4
is an induction motor, the rotational speed of the motor
is measured, and the current is controlled such that the
slip of the motor is zero. In a case where the three-phase
AC motor 4 is a synchronous motor, the position of a
rotor of the motor is measured, and the current is con-
trolled such that a d-axis current flows through the motor.
[0046] There is also a method that controls the ener-
gizing current of the motor 4 such that the torque of the
motor 4 is lower than the torque of an air brake, particu-
larly in a state of the air brake operating while the vehicle
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is stopped at a station or the like. In this case, the control
device 11 checks the force of the air brake of the vehicle
before energizing the switching elements. Incidentally,
when a brake command is not output from a cab (not
shown in FIG. 1) of the vehicle, the brake command is
output from the control device 11. Confirming the oper-
ation of the air brake, the control device 11 calculates a
current that can be passed through the motor from the
torque of the air brake, compares the calculation result
with the maximum current value Imax, and controls the
energizing current so as not to exceed the smaller value
of the calculation result and the maximum current value
Imax.

[0047] When the control device 11 determines that all
of the coolant frozen during the warm-up operation is
melted (Yes in S12), the control device 11 stops the en-
ergization of the switching elements to end the warm-up
operation (S13).

[0048] On the other hand, in the case of the railway
vehicle, an operation command to operate the electric
power converting device 1 may be input from the cab of
the vehicle to the control device 11 immediately after it
is determined that the coolant is frozen or during ener-
gization for melting the frozen coolant (No in S10). At this
time, when the switching elements are energized, the
control device 11 stops the energization of the switching
elements.

[0049] Next, the control device 11 performs control ac-
cording to the operation command. Here, when the con-
trol device 11 determines that the energizing current of
the switching elements exceeds the maximum current
value Imax, the control device 11 performs a warm-up
operation in which a current command value is limited
such thatthe energizing currentof the switching elements
is equal to or smaller than the maximum current value
Imax (S14). The warm-up operation in which the current
command value is limited can be similarly applied to a
case where the control device 11 determines that the
coolant is frozen while the electric power converting de-
vice 1 is operating. When the control device 11 deter-
mines that the coolant of the cooler 12 is melted during
the warm-up operation (Yes in S15), the warm-up oper-
ation is ended by removing the limitation on the current
command value (S16), and a transition is made to normal
operation.

[0050] A method of determining that the coolant of the
cooler 12 is melted will next be described with reference
to FIG. 3. FIG. 3 is a diagram showing temporal changes
in thermal resistance. Rth0 denotes a thermal resistance
when the coolant is melted completely, which thermal
resistance serves as a reference. The control device 11
controls the energizing current of the switching elements
51to 10 to be constant during the warm-up operation, and
obtains the thermal resistance Rth2 of the cooler from
the value of the energizing current, the second temper-
ature information Te, and the first temperature informa-
tion Ts. Here, it is determined that the coolant is melted
when the thermal resistance Rth2 becomes equal to the
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thermal resistance Rth0 when the coolant is melted com-
pletely. Incidentally, because the temperature sensors
13 and 14 have measurement errors, it may be deter-
mined that the coolant is melted when the thermal resist-
ance Rth2 coincides with the thermal resistance Rth0
within a range of the errors of the temperature sensors
13 and 14 even if the thermal resistance Rth2 does not
perfectly coincide with the thermal resistance Rth0. For
example, supposing that the temperature sensors have
an error of 10%, it is determined that the coolant is melted
when the thermal resistance Rth2 becomes the thermal
resistance Rth0 = 10%.

[0051] FIG. 4 is a diagram showing temporal changes
in the measured value of a temperature sensor. There is
a method in which the temperature of the cooler is cal-
culated from a thermal resistance value using this char-
acteristic, and the calculation result is compared with an
actual measured value to determine whether the coolant
is melted. Also in this case, the energizing current of the
switching elements 5 to 10 is controlled to be constant
during the warm-up operation. Next, the control device
11 calculates Ts’, which is a calculated value of the first
temperature information Ts in relation to the second tem-
perature information Te, using the amount of heat gen-
erated by the switching elements 5 to 10 and the thermal
resistance Rth1 of the cooler 12 which thermal resistance
Rth1 is calculated at the time of determining that the cool-
antis frozen, and compares the calculated value Ts’ with
an actual measured value of the first temperature infor-
mation Ts at the same time. Here, when the coolant is
melted, the cooling capability of the cooler 12 isimproved,
sothat a temperature rise becomes gentle and the actual
measured value of the first temperature information Ts
becomes lower than the calculated value Ts'. According-
ly, it is determined that the coolant is melted when a tem-
perature difference AT between the calculated value and
the actual measured value of the first temperature infor-
mation Ts becomes equal to or larger than a certain val-
ue. When the value of the temperature difference used
for this determination is a maximum error temperature of
the second temperature sensor, for example, and the
temperature difference is equal to or more than the max-
imum error temperature of the temperature sensor, there
is clearly a difference between the calculated value and
the measured value, and thus it can determined that the
coolant is melted.

[0052] Alternatively, there is a method in which wheth-
er the coolant is melted is determined from an amount
of heat necessary to melt the coolant and the amount of
heat generated by the switching elements 5 to 10 in a
case where the thermal resistance Rth1 and the thermal
resistance RthO when the coolant is melted completely
are equal to each other. The control device 11 calculates
the amount of heat necessary to melt the coolant. This
necessary amount of heat is divided into an amount of
heat necessary for a temperature rise to the melting point
and a heat of fusion. The amount of heat necessary for
the temperature rise to the melting point can be calculat-
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ed from the second temperature information Te or the
first temperature information Ts, the melting point, and
the specific heat of the coolant. The heat of fusion is
determined by the liquid used as the coolant. In addition,
the amount of heat generated by the switching elements
can be obtained from the energizing current of the switch-
ing elements 5to 10. Then, it is determined that the cool-
ant is melted when the obtained amount of heat gener-
ated by the switching elements 5 to 10 becomes larger
than the amount of heat necessary to melt the coolant.
However, consideration needs to be given to efficiency
of heat transfer from the switching elements 5 to 10 to
the cooler 12 at this time.

[0053] Incidentally, automatic activation of the warm-
up operation in the present Embodiment 1 by the control
device 11 is assumed. However, the warm-up operation
may be allowed to be activated manually by pressing an
activation switch within the crew’s cab according to a
judgment of a crew after the frozen state of the coolant
is indicated in the crew’s cab.

[0054] This method can meltthe coolant while prevent-
ing a rise in the temperature of the switching elements
by the warm-up operation even when the coolant is fro-
zen, and eliminates a need for a cooler hardware design
inwhich considerationis given to cases where the coolant
is frozen. It is thereby possible to provide a drive device
for cold regions which drive device has a desired cooler
without changing the size of the cooler. Incidentally, the
present Embodiment 1 is applicable to coolers of a heat
pipe type or a water cooling type as long as the coolers
use a liquid as a coolant.

[Embodiment 2]

[0055] FIG. 5 shows a second embodiment (Embodi-
ment 2) of the drive device according to the present in-
vention. The second embodiment is different from Em-
bodiment 1 in that power supplied from an overhead wire
is AC electric power. Incidentally, devices common to
FIG. 1 and FIG. 5 are identified by the same reference
numerals, and description thereof will be omitted.
[0056] An electric power converting device 15 is sup-
plied with single-phase AC electric power from an AC
overhead wire 16 via a transformer 17, converts the sin-
gle-phase AC electric power into DC electric power, and
supplies the DC electric power to an electric power con-
verting device 1. In addition, the electric power converting
device 15 includes switching elements 18 to 21. Each of
the switching elements is individually controlled to be
turned on and off by a signal Pc output from a control
device 11.

[0057] The control device 11 controls both of the elec-
tric power converting device 1 and the electric power con-
verting device 15. However, the control device 11 may
be divided into a control device for controlling the electric
power converting device 1 and a control device for con-
trolling the electric power converting device 15 when the
control devices can exchange information by communi-



13 EP 2 756 979 A2 14

cation.

[0058] A cooler22 uses aliquid as a coolant. The cool-
er 22 cools the switching elements 18 to 21. A capacitor
25 is installed in a middle portion between the electric
power converting devices 15 and 1. The capacitor 25
absorbs an AC component included in a current output
from the electric power converting device 15. In addition,
a filter circuit formed by a reactor and a capacitor may
be installed in the middle portion in addition to the capac-
itor 25.

[0059] A third temperature sensor 23 measures the
temperature of the switching elements 18 to 21. The third
temperature sensor 23 outputs third temperature infor-
mation Ts2 of the switching element. A fourth tempera-
ture sensor 24 measures the temperature of a heat ra-
diating portion of the cooler, for example an end portion
of a heat pipe, a fin, or the like. The fourth temperature
sensor 24 outputs fourth temperature information Te2.
The third temperature information Ts2 and the fourth tem-
perature information Te2 are input to the control device
11. The temperature measured by the third temperature
sensor 23 does not need to be the temperature of the
switching elements 18 to 21 as long as the temperature
measured by the third temperature sensor 23 is the tem-
perature on the side of a heat receiving portion of the
cooler. The temperature measured by the third temper-
ature sensor 23 may be the temperature of the base of
the cooler, for example. In addition, as in the case of the
electric power converting device 1, a sensor for measur-
ing an outside air temperature for the management of an
air conditioner may be substituted for the fourth temper-
ature sensor 24. In this case, commonality can be pro-
vided between the temperature sensors 14 and 24.
[0060] Here, whenthe cooler12andthe cooler22have
a common heat receiving portion, commonality may be
provided between the temperature sensors 13 and 23,
and when the cooler 12 and the cooler 22 have a common
heat radiating portion, commonality may be provided be-
tween the temperature sensors 14 and 24.

[0061] An actual flow of operation will next be de-
scribed. A basic flow of operation is similar to that of Em-
bodiment 1 (FIG. 2).

[0062] The control device 11 monitors the temperature
information Ts and Ts2 on the heat receiving portion side
and the temperature information Te and Te2 on the heat
radiating portion side. When at least one of the temper-
ature information Ts and Ts2 and the temperature infor-
mation Te and Te2 is equal to or lower than the melting
point of the coolant used in the coolers 12 and 22, the
control device 11 determines that there is a possibility of
the coolant being frozen. However, when at least one of
the electric power converting device 1 and the electric
power convertingdevice 15 is already operating at a point
in time that the control device 11 determines that there
is a possibility of the coolant being frozen, the coolant
may be melted due to heat generated by the operation,
and therefore the normal operation is performed first.
[0063] Atthis time, when the coolant is frozen, the per-
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formance of the coolers is decreased, and thus the tem-
perature information Ts and Ts2 rises to a temperature
higher than when the coolant is melted. Accordingly, a
first determination temperature for the first temperature
information Ts and a second determination temperature
for the third temperature information Ts2 are provided to
determine whether the coolant is frozen. When the tem-
perature information Ts and the temperature information
Ts2 are both equal to or lower than the respective deter-
mination temperatures, the electric power converting de-
vice 1 and the electric power converting device 15 con-
tinue the normal operation.

[0064] When atleast one of the pieces of temperature
information Ts and Ts2 exceeds the determination tem-
peratures for the respective pieces of temperature infor-
mation, on the other hand, it is determined that the cool-
ant is frozen. The first determination temperature is pref-
erably a maximum value that can be taken by the first
temperature sensor 13 when the electric power convert-
ing device 1 operates at a maximum output level in a
state of the second temperature information Te being
equal to or lower than the melting point of the coolant.
The second determination temperature is preferably a
maximum value that can be taken by the third tempera-
ture sensor 23 when the electric power converting device
15 operates at a maximum output level in a state of the
fourth temperature information Te2 being equal to or low-
er than the melting point of the coolant.

[0065] When there is a possibility of the coolant being
frozen, the control device 11 energizes the switching el-
ements 5 to 10 and 18 to 21. At this time, the control
device 11 obtains the thermal resistance Rth1 of the cool-
er 12 from the value of energizing current of the switching
elements 5 to 10, the second temperature information
Te, and the first temperature information Ts. The control
device 11 also obtains the thermal resistance Rth4 of the
cooler 22 from the value of energizing current of the
switching elements 18 to 21, the fourth temperature in-
formation Te2, and the third temperature information Ts2.
[0066] In addition, the control device 11 determines
that the coolant of the cooler 12 is frozen when the ther-
mal resistance Rth1 is higher than a predetermined val-
ue, and determines that the coolant of the cooler 22 is
frozen when the thermal resistance Rth4 is higher than
a predetermined value. At this time, the control device
11 may determine that the coolant of the cooler 12 is
frozen when a difference between the second tempera-
ture information Te and the first temperature information
Ts is equal to or larger than a predetermined value, and
determine that the coolant of the cooler 22 is frozen when
a difference between the fourth temperature information
Te2 and the third temperature information Ts2 is equal
to or larger than a predetermined value, instead of cal-
culating the thermal resistances Rth1 and Rth4.

[0067] In addition, as in Embodiment 1, the tempera-
ture information Ts and Ts2 may be calculated from the
thermal resistances of the respective coolers when the
coolant of the coolers is melted completely, the respec-
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tive energizing current values of the switching elements
5 to 10 and 18 to 21 at that time, and the temperature
information Te and Te2, and it may be determined that
the coolant of the cooler 12 is frozen when a difference
between a result of the calculation of the temperature Ts
and a result of actual measurement of the temperature
Ts is equal to or larger than a certain value, and that the
coolant of the cooler 22 is frozen when a difference be-
tween a result of the calculation of the temperature Ts2
and a result of actual measurement of the temperature
Ts2is equal to or larger than a certain value. In this case,
afteritis determined thatthe coolantis frozen, the thermal
resistances of the respective coolers are obtained from
the energizing current values of the switching elements
cooled by the coolers having the frozen coolant, the tem-
peratures on the heat radiating portion sides of the cool-
ers, and the temperatures on the heat receiving portion
sides of the coolers.

[0068] When determiningthatthe coolantisfrozen, the
control device 11 determines a maximum current value
Imax that can be fed through the switching elements 5
to 10 from the thermal resistance Rth1, and determines
a maximum current value Imax2 that can be fed through
the switching elements 18 to 21 from the thermal resist-
ance Rth4.

[0069] Here, when the electric power converting de-
vices 1 and 15 are stopped, the control device 11 per-
forms a warm-up operation, which is classified into the
following three operation patterns according to the cool-
ers whose coolant is frozen.

(First Pattern)

[0070] When only the coolant of the cooler 12 is frozen,
the control device 11 outputs a control signal Pi to the
electric power converting device 1 so that the energizing
current of the switching elements 5 to 10 is equal to or
smaller than the maximum current value Imax, as in Em-
bodiment 1. A manner of energization at this time is sim-
ilarto that of Embodiment 1. In addition, the control device
11 outputs a control signal Pc to the electric power con-
verting device 15 so that the voltage of the middle portion
is constant.

(Second Pattern)

[0071] When only the coolant of the cooler 22 is frozen,
the control device 11 outputs a control signal Pi to the
electric power converting device 1 so that the energizing
current of the switching elements 18 to 21 of the electric
power converting device 15 is equal to or smaller than
the maximum current value Imax2. A manner of ener-
gization is similar to that of Embodiment 1. The control
device 11 outputs a control signal Pc to the electric power
converting device 15 so that the voltage of the middle
portion is constant even when the electric power convert-
ing device 1 operates as in the above. In addition, as
another method of dealing with the case where only the
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coolant of the cooler 22 is frozen, only the electric power
converting device 15 may be operated. In this case, the
load on the electric power converting device 15 is re-
moved. Thus, the control device 11 changes the voltage
command value of the electric power converting device
15 in order to feed a current through the switching ele-
ments 18 to 21, and outputs the control signal Pc on the
basis of the voltage command value to energize the
switching elements 18 to 21.

(Third Pattern)

[0072] When the coolant of the coolers 12 and 22 is
frozen, the control device 11 calculates the energizing
current of the switching elements 5 to 10 when the en-
ergizing current of the switching elements 18 to 21 is
controlled to be the maximum current value Imax2, and
compares a result of the calculation with the maximum
current value Imax. When the result of the calculation is
smaller than the maximum current value Imax, the control
device 11 outputs a control signal Pi similar to that in the
case where only the coolant of the cooler 22 is frozen.
When the result of the calculation is larger than the max-
imum current value Imax, the control device 11 outputs
a control signal Pi similar to that in the case where only
the coolant of the cooler 12 is frozen. The control device
11 outputs a control signal Pc to the electric power con-
verting device 15 so that the voltage of the middle portion
is constant.

[0073] When the control device 11 determines that the
coolant is melted according to the method illustrated in
Embodiment 1 in an energized state as described above,
the control device 11 stops the energization to end the
warm-up operation.

[0074] On the other hand, an operation command to
operate the electric power converting devices 1 and 15
may be input to the control device 11 immediately after
it is determined that the coolant is frozen or during ener-
gization for melting the frozen coolant. At this time, when
the switching elements are energized, the control device
11 stops the energization of the switching elements 5 to
10 and 18 to 21.

[0075] Next, the control device 11 calculates the ener-
gizing current 10 of the switching elements 5 to 10 when
the energizing current of the switching elements 18 to 21
is controlled to be the maximum current value Imax2, and
compares the energizing current 10 with the maximum
current value Imax. When the energizing current 10 is
smaller than the maximum current value Imax, the control
device 11 limits a current command value used at the
time of control of the electric power converting device 1
so that the energizing current of the switching elements
5to 10 is equal to or smaller than the energizing current
10. When the energizing current 10 is larger than the max-
imum current value Imax, the control device 11 limits the
current command value used at the time of control of the
electric power converting device 1 so that the energizing
current of the switching elements 5 to 10 is equal to or
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smaller than the maximum current value Imax. The con-
trol device 11 controls the electric power converting de-
vice 15 so that the voltage of the middle portion is con-
stant irrespective of magnitude relation between the en-
ergizing current 10 and the maximum current value Imax.
[0076] When the control device 11 determines that the
coolant is melted according to the method illustrated in
Embodiment 1, the control device 11 ends the warm-up
operation that limits the current command value, and
makes a transition to normal operation.

[0077] Incidentally, automatic activation of the warm-
up operation in the present Embodiment 2 by the control
device 11 is assumed. However, the warm-up operation
may be allowed to be activated manually by pressing an
activation switch within the crew’s cab according to a
judgment of a crew after the frozen state of the coolant
is indicated in the crew’s cab.

[0078] This method can meltthe coolant while prevent-
ing a rise in the temperature of the switching elements
by the warm-up operation even when the coolant is fro-
zen, and eliminates a need for a cooler hardware design
inwhich considerationis given to cases where the coolant
is frozen. It is thereby possible to provide a drive device
for cold regions which drive device has a desired cooler
without changing the size of the cooler. Incidentally, the
present Embodiment 2 is applicable to coolers of a heat
pipe type or a water cooling type as long as the coolers
use a liquid as a coolant.

[Embodiment 3]

[0079] FIG. 6 shows a third embodiment (Embodiment
3) of the drive device according to the present invention.
The third embodiment is different from Embodiment 1 in
that the third embodiment includes a fan for sending air
to the heat radiating portion of a cooler. Incidentally, de-
vices common to FIG. 1 and FIG. 6 are identified by the
same reference numerals, and description thereof will be
omitted. In the present Embodiment 3, an electric power
converting device 1 is supplied with DC electric power
from a DC overhead wire 2 via a filter. However, as in
Embodiment 2, the electric power converting device 1
may be supplied with AC electric power from an AC over-
head wire via a transformer and an electric power con-
verting device.

[0080] A fan 26 plays a role of sending air to the heat
radiating portion of a cooler 12. The fan 26 is controlled
to be turned on and off by a control device 11. When an
electric power converting device for converting AC elec-
tric powerto DC electric powerand a cooler forthe electric
power converting device are provided as in Embodiment
2, each cooler may be provided with a fan, or the heat
radiating portions of both coolers may be supplied with
air by one fan. In addition, because the role of the fan 26
is to supply air to the heat radiating portion of the cooler
12, a blower may be used in place of the fan.

[0081] The control device 11 stops the fan 26 when
determining that the coolant of the cooler 12 is frozen
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according to the method illustrated in Embodiment 1 or
Embodiment 2. When there are a plurality of coolers, the
control device 11 stops all of the fans when determining
that the coolant of at least one cooler is frozen according
to the method illustrated in Embodiment 1 or Embodiment
2. Thisis because effect of warm-up operation is reduced
when the performance of the cooler 12 is increased by
the fan during the warm-up operation. After the coolant
of the cooler 12 is melted and the warm-up operation is
ended, the control device 11 resumes driving the fan.
[0082] Incidentally, when the electric power converting
device s stopped, the fan may be stopped on atemporary
basis at a point in time that the control device 11 deter-
mines that there is a possibility of the coolant being fro-
zen. In this case, the fan may continue to be stopped as
it is when it is determined that the coolant is frozen on
the basis of measurement of thermal resistance, and the
fan may be driven again when it is determined that the
coolant is melted.

[0083] This method enables warm-up operation when
the coolant is frozen even in the cooler having a forced
air cooling system, and thus eliminates a need for a cooler
hardware design in which consideration is given to cases
where the coolant is frozen. It is thereby possible to pro-
vide a drive device for cold regions which drive device
has a desired cooler without changing the size of the
cooler. Incidentally, the present Embodiment 3 is appli-
cable to coolers of a heat pipe type or a water cooling
type as long as the coolers use a liquid as a coolant.

[Embodiment 4]

[0084] FIG. 7 shows a fourth embodiment (Embodi-
ment 4) of the drive device according to the present in-
vention. At a time of normal traveling, a traveling wind 27
is taken in from an inlet port during the traveling of a
vehicle, and the traveling wind is supplied to a heat ra-
diating portion 28 of a cooler. The heat radiating portion
28 may belong to one cooler, or may belong to a plurality
of coolers.

[0085] When the control device (not shown in FIG. 7)
of the vehicle confirms that the coolant of a cooler 12 is
frozen and thus determines that warm-up operation is
necessary while the vehicle is traveling, the control de-
vice closes a ventilation duct by operating a ventilation
valve 29 so that the traveling wind is not supplied to the
heat radiating portion 28. The control device opens the
ventilation valve 29 when determining that the coolant is
melted and returning to normal operation.

[0086] Incidentally, in the present Embodiment 4, only
the ventilation valve near the inlet port through which the
traveling wind enters is operated. However, considering
that the vehicle also travels in an opposite direction, it is
necessary to also install a ventilation valve near an inlet
port on the opposite side. Therefore, both of the ventila-
tion valves may be operated when the coolant is frozen.
[0087] This method can preventthe coolant from being
refrozen due to the effect of the traveling wind when
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warm-up operation is performed in the cooler having a
traveling wind cooling system using a duct during
traveling. Incidentally, the present Embodiment 4 is ap-
plicable to coolers of a heat pipe type or a water cooling
type as long as the coolers use a liquid as a coolant.

Claims

1. Adrive device for a railway vehicle, the drive device
comprising:

a first electric power converting device formed
by a switching element to convert DC electric
power into AC electric power and supply the AC
electric power to a load;

a control device for controlling the first electric
power converting device; and

a first cooler using a liquid as a coolant for cool-
ing the first electric power converting device;
wherein the first cooler includes

a heat receiving portion in contact with the
switching element, the heat receiving por-
tion absorbing heat of the switching ele-
ment,

a heatreceiving portion temperature sensor
for measuring a temperature of the heat re-
ceiving portion,

aheatradiating portion for radiating the heat
absorbed from the switching element, and
a heat radiating portion temperature sensor
for measuring a temperature of the heat ra-
diating portion, and

the control device includes an arithmetic section
for determining whether the coolant is frozen on
a basis of respective measured values of the
heat receiving portion temperature sensor and
the heat radiating portion temperature sensor,
the measured values being detected by feeding
a predetermined current through the switching
element, when at least one of the respective
measured values of the heat receiving portion
temperature sensor and the heat radiating por-
tion temperature sensor becomes equal to or
lower than a melting point of the coolant.

2. Thedrive device for the railway vehicle according to
claim 1,
wherein the temperature of the heat receiving portion
is a temperature of the switching element or a tem-
perature of a base of the first cooler, the base of the
first cooler constituting a base material of the heat
receiving portion, and
the temperature of the heat radiating portion is a tem-
perature of a fin of the first cooler, a temperature of
an end portion of a heat pipe used in the first cooler,
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or an outside air temperature.

The drive device for the railway vehicle according to
claim 1 or 2,

wherein the arithmetic section determines whether
the coolant is frozen from a magnitude of a thermal
resistance value of the first cooler, the magnitude of
the thermal resistance value of the first cooler being
calculated using the detected respective measured
values of the heatreceiving portion temperature sen-
sor and the heat radiating portion temperature sen-
sor and an amount of heat generated by the switch-
ing element or an energizing current value corre-
sponding to the amount of heat generated by the
switching element.

The drive device for the railway vehicle according to
claim 3,

wherein the arithmetic section calculates a maxi-
mum value of energizing current that can be fed
through the switching element from the thermal re-
sistance value when the arithmetic section deter-
mines that the coolant is frozen.

The drive device for the railway vehicle according to
claim 4,

wherein in a case where the first electric power con-
verting device is stopped when the determination is
made, the control device performs a warm-up oper-
ation that makes the switching element generate
heat to melt the frozen coolant, by controlling the
energizing current of the switching element so as not
to exceed the maximum value.

The drive device for the railway vehicle according to
claim 4,

wherein in a case where the first electric power con-
verting device is not stopped when the determination
is made, the control device performs a warm-up op-
eration that limits the energizing current of the
switching element to the maximum value or smaller.

The drive device for the railway vehicle according to
claim 6,

wherein when the load is an AC motor, the control
device controls the energizing current of the switch-
ing element such that torque produced by the AC
motor does not accelerate or decelerate the vehicle.

The drive device for the railway vehicle according to
claim 6,

wherein when the load is an AC motor and an air
brake of the vehicle is operating, the control device
controls the energizing current of the switching ele-
ment such that torque produced by the AC motor is
lower than torque of the air brake.

The drive device for the railway vehicle according to
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any one of claims 5 to 8,

wherein the arithmetic section calculates the thermal
resistance value of the first cooler during the warm-
up operation, and ends the warm-up operation by
determining that the coolant is melted when a differ-
ence between the calculated thermal resistance val-
ue and a thermal resistance value when the coolant
is melted completely becomes equal to or smaller
than a predetermined value.

The drive device for the railway vehicle according to
any one of claims 5 to 8,

wherein the arithmetic section calculates the tem-
perature of the heat receiving portion during the
warm-up operation from the amount of heat gener-
ated by the switching element during the warm-up
operation, the thermal resistance value of the first
cooler when the arithmetic section determines that
the coolant is frozen, and the measured value of the
heat radiating portion temperature sensor, and ends
the warm-up operation by determining that the cool-
ant is melted when a difference between the calcu-
lated temperature of the heat receiving portion and
the measured value of the heat receiving portion
temperature sensor becomes equal to or larger than
a predetermined value.

The drive device for the railway vehicle according to
any one of claims 5 to 8,

wherein the arithmetic section calculates an amount
of heat necessary to melt the coolant and calculates
the amount of heat generated by the switching ele-
ment from the energizing current of the switching
element during the warm-up operation, and ends the
warm-up operation by determining that the coolant
is melted when the amount of heat generated by the
switching element exceeds the amount of heat nec-
essary to melt the coolant.

The drive device for the railway vehicle according to
claim 1 or 2, further comprising:

a second electric power converting device
formed by a switching element to convert AC
electric power supplied from an AC overhead
wire into DC electric power and supply the DC
electric power to the first electric power convert-
ing device; and

a second cooler using a liquid as a coolant for
coolingthe second electric power converting de-
vice;

wherein the second cooler includes

a heat receiving portion in contact with the
switching element, the heat receiving por-
tion absorbing heat of the switching ele-
ment,

a heatreceiving portion temperature sensor
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for measuring a temperature of the heat re-
ceiving portion,

a heatradiating portion for radiating the heat
absorbed from the switching element, and
a heat radiating portion temperature sensor
for measuring a temperature of the heat ra-
diating portion,

the control device controls the first electric power
converting device and the second electric power
converting device, and

the control device includes an arithmetic sec-
tion, wherein,

when at least one of states occurs, the states
being a state of at least one of the respective
measured values of the heat receiving portion
temperature sensor and the heat radiating por-
tion temperature sensor of the first cooler be-
coming equal to or lower than a melting point of
the coolant of the first cooler, and a state of at
least one of the respective measured values of
the heat receiving portion temperature sensor
and the heat radiating portion temperature sen-
sor of the second cooler becoming equal to or
lower than the melting point of the coolant of the
second cooler,

the arithmetic section determines whether the
coolant of the first cooler is frozen on a basis of
respective measured values of the heat receiv-
ing portion temperature sensor and the heat ra-
diating portion temperature sensor of the first
cooler and whether the coolant of the second
cooler is frozen on a basis of respective meas-
ured values of the heat receiving portion tem-
perature sensor and the heat radiating portion
temperature sensor of the second cooler, the
measured values being detected by feeding a
predetermined current through the respective
switching elements of the first electric power
converting device and the second electric power
converting device.

13. The drive device for the railway vehicle according to

claim 12,

wherein the arithmetic section makes at least one of
a determination of whether the coolant of the first
cooler is frozen from a magnitude of a thermal re-
sistance of the first cooler, the magnitude of the ther-
mal resistance of the first cooler being calculated
using the respective measured values of the heat
receiving portion temperature sensor and the heat
radiating portion temperature sensor of the first cool-
er and an amount of heat generated by the switching
element of the first electric power converting device
or an energizing current value corresponding to the
amount of heat generated by the switching element
of the first electric power converting device, and a
determination of whether the coolant of the second
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cooler is frozen from a magnitude of a thermal re-
sistance of the second cooler, the magnitude of the
thermal resistance of the second cooler being cal-
culated using the respective measured values of the
heat receiving portion temperature sensor and the
heat radiating portion temperature sensor of the sec-
ond cooler and an amount of heat generated by the
switching element of the second electric power con-
verting device or an energizing current value corre-
sponding to the amount of heat generated by the
switching element of the second electric power con-
verting device.

The drive device for the railway vehicle according to
any one of the previous claims,

wherein a fan or a blower for supplying air to: the
heat radiating portions of the first cooler is provided,
or at least one of the respective heat radiating por-
tions of the first cooler and the second cooler is pro-
vided, and

when the control device, upon determining that: the
coolant of the first cooler is frozen, or at least one of
the respective coolants of the first cooler and the
second cooler is frozen, performs a warm-up oper-
ation, the control device stops the fan or the blower
entirely.

The drive device for the railway vehicle according to
any one of the previous claims,

wherein the control device is provided to the vehicle
having a ventilation duct for supplying a traveling
wind to: the heat radiating portions of the first cooler,
or at least one of the respective heat radiating por-
tions of the first cooler and the second cooler, and
when the control device, upon determining that: the
coolant of the first cooler is frozen, or at least one of
the respective coolants of the first cooler and the
second cooler is frozen, performs a warm-up oper-
ation, the control device closes the ventilation duct.
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